ABSTRACT Live performance to 96 d was compared for 1,584 turkey toms reared on diets containing four levels of whole barley and two levels of insoluble grit (0 or 9 g/bird per wk). Nutrient specifications for all diets were similar. The six dietary treatments were 1) 0% whole barley plus grit, 2) Treatment 1 minus grit, 3) grit plus 5% whole barley at 0 d increasing to 35% by 19 d, 4) grit plus 5% whole barley at 0 d increasing to 50% by 19 d, 5) Treatment 4 minus grit, and 6) grit plus 5% whole barley at 19 d increasing to 50% by 40 d. The concentrate blended with the whole barley was fed as crumbles or pellets. Nutrients were not diluted. Compared to the con-
INTRODUCTION
Feeding whole wheat to poultry has become common in some regions of the world as a method of reducing feed-handling costs (Cumming, 1994; Ferket, 2000) . Barley is often used as a feed ingredient in regions where wheat is grown, but it has received limited attention in whole grain feeding programs. Svihus et al. (1997) found that broiler chickens fed whole barley grew at the same rate as birds fed rolled barley and faster than those fed ground barley. In contrast, other researchers observed that broiler chickens fed whole barley had lower weight gain than birds fed ground or pelleted barley (Bennett et al., 2002) . Choice-feeding research has demonstrated that turkeys will voluntarily consume half of their feed intake as whole barley (Cowan and Michie, 1977) . Whole barley To whom correspondence should be addressed: cbennett@ gov.mb.ca. 4 Hybrid Turkeys Inc., Kitchener, ON, Canada. 1850 trol treatments, feeding 35% or more whole barley temporarily reduced weight gain and increased feed:gain prior to 68 d. Cumulative weight gain was reduced in Treatments 3 and 5 compared to treatments in which no barley was fed. Cumulative feed:gain was increased in Treatment 5 compared to Treatments 2 and 3. Total mortality and leg and skeletal problems were reduced in treatments where whole grain slowed early growth rate. Feeding grit had no effect on the live performance of birds fed similar levels of whole barley. In treatments in which whole barley was introduced at 0 d, gizzard pH was decreased at 18 d, and gizzard weight was increased at 32 d. Jejunal viscosity was unaffected by dietary treatment.
has not been extensively tested as an ingredient in conventional feeding programs for turkeys.
In the present study, turkey toms were fed diets containing different levels of whole barley to determine the ages and levels at which whole barley could be used in turkey diets. The live performance of turkeys fed whole and pelleted barley was compared. The need to use grit in whole-grain feeding programs was investigated as well as the influence of whole grain and grit on organ weight, gut pH, and jejunal viscosity.
MATERIALS AND METHODS
Commercial 1-d-old male turkey poults 4 were housed 33 birds each in straw litter pens (2.3 m × 4.0 m) in eight environmentally controlled rooms with six pens per room. All poults were beak trimmed. A heat lamp was used in each pen to supplement the hot water pipe heaters until 12 d. Room temperature was set at 30 C at 0 d and was gradually reduced to 16 C by 63 d. Depending on the dietary treatment, some of the barley was fed as whole grain. The percentage of whole barley in the complete diets for each treatment is shown in Table 2 . The vitamin-mineral premix supplied per kilogram of prestarter and starter: 15,000 IU vitamin A; 4,500 IU vitamin D 3 ; 48 IU vitamin E; 4.5 mg menadione; 3 mg thiamine; 12 mg riboflavin; 180 mg niacin; 6 mg pyridoxine; 0.03 mg vitamin B 12 ; 24 mg pantothenic acid; 2.1 mg folic acid; 0.3 mg biotin; 600 mg choline; 30 mg vitamin C; 0.625 mg antioxidant; 100 mg iron; 100 mg zinc; 100 mg manganese; 25 mg copper; 2 mg iodine; 1 mg cobalt; 0.3 mg selenium. In the grower and finisher diets, the premix supplied 70% of the vitamins and minerals as in the prestarter and starter diets. Elanco Animal Health, Guelph, ON, Canada. et al, 1994) . In half of the rooms, the lights turned on and off abruptly at the beginning and end of the light period for the day, whereas in the remaining rooms the lights were turned on and off gradually over 45 min (dawn and dusk lighting program).
One pen in each of the eight rooms was randomly assigned to one of six dietary treatments (TRT) in which the rations varied in their content of whole barley and insoluble grit. In all dietary treatments, the birds were fed prestarter from 0 to 12 d, starter from 12 to 40 d, grower from 40 to 68 d, and finisher from 68 to 96 d (Table 1) . The ingredient and nutrient specifications of the rations in all treatments were identical, and the diets only differed in feed form (Table 2) ground and incorporated into the crumbles or pellets. After steam-pelleting, the crumbles or pellets were blended with the whole barley in a ribbon mixer. The six dietary treatments were as follows: TRT 1, 0% whole barley plus grit; TRT 2, TRT 1 minus grit; TRT 3, grit plus 5% whole barley at 0 d, 20% at 12 d, 35% at 19 d; TRT 4, grit plus 5% whole barley at 0 d, 20% at 12 d, 50% at 19 d; TRT 5, TRT 4 minus grit, and TRT 6, grit plus 5% whole barley at 19 d, 20% at 33 d, 50% at 40 d. In treatments where grit was fed, the grit was top dressed on the feeders twice a week, and grit particle size was increased from size #1 at 0 to 19 d to size #2 from 19 to 40 d, and finally to size #3 from 40 to 96 d.
Body weight gain (pen basis) and food consumption were measured for the time periods corresponding to the changes in feed formulation or whole-grain levels. All dead birds were weighed and examined for cause of death. Feed:gain ratios were calculated with and without a correction for mortality in which the weight of the dead birds was included in bird weight at the end of each period. Because of elevated early mortality, the number of birds in each pen was equilibrated at 31 per pen at 12 d of age using spare birds fed the same rations. The The nonwhole barley portion of each diet was fed as a crumble from 0 to 40 d and pellet from 40 to 96 d. Any barley included in the diet, in excess of the amount of whole barley added, was ground and incorporated into the crumbles or pellets.
2 TRT 1-control, grit; TRT 2-control, no grit; TRT 3-grit and low whole barley; TRT 4-grit and high whole barley; TRT 5-no grit and high whole barley; TRT 6-grit and high whole barley at later age. mortality in the first 12 d totalled 6.5% of poults placed and was unaffected by treatment.
At 18 d and 32 d, the viscosity (in centipoise, cp = 0.01 dyne s/cm 2 ) of the digesta in the jejunum was determined for one bird per pen or eight birds per dietary treatment (Bedford et al., 1991) . The weight of the crop, proventriculus, duodenum, ileum, jejunum, and ceca was measured with digesta removed, and the weight of the gizzard was determined with and without digesta. The pH of the crop, gizzard, and duodenal contents was also measured.
Half of the rooms in this trial were maintained on a dawn and dusk lighting program, and the lighting program was one of the variables included in the statistical model. Statistical analyses were computed using SAS Institute (1990), with rooms nested within lighting treatments. Dietary treatment and lighting program were the independent variables. Where appropriate, means were separated using Duncan's Multiple Range Test, and differences were considered significant when P ≤ 0.05. No interaction occurred between dietary treatment and lighting program for any of the variables measured, and the results for lighting program are not discussed in this paper.
RESULTS
The response of BW gain to whole barley and grit is displayed in Table 3 . Feeding 5 to 20% whole barley prior to 19 d had no effect on BW gain, but feeding 35 to 50% whole barley from 19 to 40 d (TRT 3, 4, and 5) reduced Means within rows with unlike letters differ (P ≤ 0.05).
1
TRT 1-control, grit; TRT 2-control, no grit; TRT 3-grit and low whole barley; TRT 4-grit and high whole barley; TRT 5-no grit and high whole barley; TRT 6-grit and high whole barley at later age.
BW gain compared to feeding just crumbles (TRT 1 and 2). The birds in TRT 6 were introduced to whole barley at a later age and had a similar BW gain to birds in TRT 2 at 19 to 33 d and TRT 1 and 2 at 33 to 40 d. From 40 to 68 d, 35 or 50% whole barley was fed in TRT 3 to 6, and toms in all of these treatments had reduced BW gain compared with those fed no whole grain. After 68 d, however, BW gain was similar in all treatments. Cumulative BW gain was reduced for the toms in TRT 3 and 5 compared with those fed no whole barley (TRT 1 and 2). Body weight gain was not influenced by feeding grit when birds fed similar levels of whole barley were compared (TRT 1 vs. 2 and TRT 4 vs. 5).
The effect of whole barley and grit on mortality-corrected feed efficiency was similar to that observed for BW gain (Table 4 ). The toms fed 5 to 20% whole barley prior to 19 d (TRT 3, 4, and 5) had a similar feed:gain ratio to birds fed no whole grain (TRT 1, 2, and 6). From 19 to 33 d, however, the toms in TRT 3, 4, and 5 were fed 35 to 50% whole barley and had a higher feed:gain ratio than those in TRT 1 and 2 which were fed the control rations with and without grit. The birds in TRT 6 were fed 5% whole grain during this period and had a feed:gain ratio similar to that of the birds fed the control ration without grit (TRT 2) but greater than that of the birds fed the control ration plus grit (TRT 1). When the level of whole barley in the ration was increased to 50% at 40 to 68 d, the toms in TRT 6 had a significantly higher feed:gain ratio than the birds in TRT 3 and numerically higher than the birds in all other treatments. No other significant Means within rows with unlike letters differ (P ≤ 0.05).
1 TRT 1-control, grit; TRT 2-control, no grit; TRT 3-grit and low whole barley; TRT 4-grit and high whole barley; TRT 5-no grit and high whole barley; TRT 6-grit and high whole barley at later age. differences between dietary treatments were observed after 40 d. Cumulative feed:gain ratio, when corrected for mortality, was higher for the toms in TRT 5 than those in TRT 2 and 3 but was otherwise similar between treatments. When cumulative feed:gain ratio was calculated without mortality correction, no differences due to dietary treatment were observed. Supplying insoluble grit did not affect the feed efficiency of toms fed similar levels of whole grain (TRT 1 vs. 2 and TRT 4 vs. 5).
Compared with the birds fed the control rations without grit (TRT 2), total mortality from 12 d to 96 d was reduced by feeding a high level of whole grain at an early age (TRT 4 and 5; Table 5 ). Toms in some of the treatments where whole barley was fed had fewer leg and skeletal problems than the birds fed the completely pelleted rations (TRT 3 vs. TRT 2; TRT 4 vs. TRT 1 and 2). The birds in TRT 6 were started on whole-barley diets at a later age than the birds in TRT 3 to 5, and no improvement in health was observed.
At 18 d, feeding whole grain or grit had no effect on organ weight or jejunal digesta viscosity but did decrease the pH of the gizzard contents for the birds in TRT 3, 4, and 5 compared with those in TRT 2 and 6 (Table 6) . At 32 d, gizzard weight was increased for birds that had been fed 35% or more whole barley compared with those Means within rows with unlike letters differ (P ≤ 0.05).
1 TRT 1-control, grit; TRT 2-control, no grit; TRT 3-grit and low whole barley; TRT 4-grit and high whole barley; TRT 5-no grit and high whole barley; TRT 6-grit and high whole barley at later age.
2 SDS = sudden death syndrome.
3
Leg and skeletal included valgus varus leg deformity, rotated tibia, crooked toes, and broken bones. which had been fed 5% or less whole barley (TRT 3, 4, and 5 vs. TRT 1, 2, and 6). Level of whole barley and supplying grit had no other effects at 32 d on organ weight, digesta pH, or viscosity.
DISCUSSION
Feeding up to 20% whole barley had little or no effect on BW gain and feed efficiency. Broiler chickens fed whole barley have displayed a similar trend (Bennett et al., 2002) . This finding also agrees with two previous studies (Bennett et al., 1995; Salah Udden et al., 1996) but disagrees with a third study (Bennett et al., 2002) in which moderate levels of whole wheat were fed to broiler chickens. Only when the level of whole grain was increased to 35% or more of the diet did live performance consistently decline, and this decline lasted for only a few weeks. After the birds had adjusted to the higher levels of whole barley, growth rate and feed:gain ratio at 68 to 96 d were unaffected by feeding whole grain. A decline in performance has been previously observed in the initial stages of feeding whole barley or whole wheat to broiler chickens (McIntosh et al., 1962; Bennett et al., 2002) . Because of the adjustment time needed at higher levels of whole barley, cumulative BW gain and mortality-corrected feed effi- Means within rows with unlike letters differ (P ≤ 0.05).
1 TRT 1-control, grit; TRT 2-control, no grit; TRT 3-grit and low whole barley; TRT 4-grit and high whole barley; TRT 5-no grit and high whole barley; TRT 6-grit and high whole barley at later age. ciency were negatively affected in the treatments which had the numerically lowest BW gains up to 68 d (TRT 3 and 5).
The adjustment period noted in this study may be explained by changes in gizzard size. Feeding 5 to 20% whole barley prior to 19 d in TRT 3 to 5 did not increase gizzard weight compared with feeding just crumbles. When these birds were switched to 35 to 50% whole barley at 19 d, they may not have had the gizzard muscle mass necessary to grind large quantities of grain and a decline in growth rate and feed efficiency occurred. By 32 d, these birds had gizzards which were 15 to 20% heavier than those of turkeys fed little or no whole barley and, for the remainder of the trial, their feed:gain ratio was similar to that of the birds fed the control rations. For the toms introduced to whole barley at later ages (TRT 6), their gizzard weights at 32 d and live performance to 40 d were the same as for birds fed just crumbles (TRT 1 and 2). When the level of whole barley fed to these birds was increased to 50% at 40 d, these toms also displayed a temporary decline in live performance. The need to increase gizzard mass to process higher levels of whole barley coincided with the time periods when growth rate and feed efficiency were altered.
Providing insoluble grit did not alter the response to whole-barley diets, and BW gain and feed:gain ratio were the same when high levels of whole barley were fed with and without grit. This result was similar to that observed with laying hens fed 20% whole wheat (C. D. Bennett, unpublished data) and broiler chickens fed 70% whole barley (Svhius et al., 1997) . In the present study, gizzard size appeared to be more important than grit when feeding high levels of whole grain. It has been hypothesized that feeding whole grain and other feed ingredients that increase the grinding activity of the gizzard will alter gut motility, increase peptic digestion in the gizzard, and improve gut health (Ferket, 2000) . In the present study, feeding whole barley produced declines in gizzard pH at 18 d, but this effect was no longer apparent at 32 d. Jejunal viscosity was not affected by feeding whole barley in this study or previous research (Svihus et al., 1997) . Further research is necessary to determine whether feeding whole grain alters digestive physiology in the gut.
An improvement in liveability and skeletal health was observed for turkeys fed a high level of whole barley prior to 40 d. Bird health was only improved in the treatments where earlier growth rate was decreased and not in TRT 6 where early growth rate was the same as on the control diets. Research with broiler chickens has also demonstrated an improvement in skeletal health when feeding whole wheat reduced early-growth rate (Bennett et al., 2002) .
Grinding and pelleting all of the barley in poultry rations are not necessary. In the present studies, 20% whole barley could be fed to turkeys with little or no depression of growth rate. Feeding 35% or more whole barley caused an adjustment period in which growth and feed efficiency were reduced. Slowing early growth by feeding high levels of whole grain appeared to reduce mortality and leg problems. This reduction in mortality helped to explain why cumulative feed efficiency, when not corrected for mortality, was comparable on high whole-grain diets to that on pellets. Feeding grit did not appear to be essential when feeding whole grain.
